Abstract
Background and Aim
Infection has a significant impact on the morbidity and mortality of newborn infants. The NeonIN Surveillance Network in England (data from 2007 to 2008) has reported a total incidence for all neonatal infections of 8/1,000 live births [1] . Late-onset infections increase the likelihood of cerebral palsy and poor neurodevelopmental outcome in preterm low-birthweight infants [2] . It is therefore extremely important to identify the source of any infection accurately and treat promptly [3] .
In preterm infants, coagulase-negative Staphylococcus (CoNS) is a major cause of lateonset sepsis. The highest proportion of CoNS infections are in infants <32 weeks [4] . When CoNS is identified in a blood culture, it is difficult to determine whether its growth represents a true blood stream infection or contamination from skin flora [5] . This leads to clinical uncertainty [4, 6] and potentially prolongs treatment with antibiotics, lengthens stay, and increases hospital costs [7] .
There is wide variation in contamination rates between populations. In the adult inpatient population in the USA, blood culture contamination is reported to be between 0.6 and 6% [3] . In a retrospective study of 9,959 blood cultures performed in children aged 1 month to 18 years [8] , 26% of children had a false-positive culture. Contaminated blood cultures occur frequently in the neonatal population with reported rates between 2.6 and 18% [9, 10] . This is felt to be due to the difficulty in obtaining blood samples [4, 9] .
There are several published methods to reduce blood culture contamination in the paediatric and neonatal population. In the paediatric population, Hall et al. [11] showed a reduction in contamination rates by using sterile gloves and a sterile field for blood culture collection in the setting of a paediatric emergency department. Other studies have improved contamination rates by using different skin cleansing solutions [11, 12] , dedicated phlebotomy teams [13] , commercially produced blood culture collection packs [14] , staff education programs [15] , and by improvements in hand hygiene [16] . Despite these measures, CoNS-positive blood cultures remain problematic for the physician and infant. Our study aimed to assess the impact of a blood culture collection bundle on the incidence of false-positive (contaminated) blood cultures in a regional neonatal intensive care unit.
Method
This study was a single-centre non-randomised intervention study in the neonatal intensive care unit in St. Michael's Hospital in Bristol, UK, which is part of the University Hospitals Bristol NHS Foundation Trust. St. Michael's neonatal unit has approximately 800 admissions and supports 6,000 deliveries per year. It is the regional referral centre for neonatal surgery, cardiology, and therapeutic hypothermia, and receives referrals from Southwest England and South Wales.
The study included infants born in St. Michael's hospital who required a blood culture for the investigation of sepsis between October 2012 and May 2013. Two time epochs were assessed: one before and one after the intervention in March 2013, i.e. October to November 2012 (PRE) and April to May 2013 (POST). The intervention was assessed a second time in June/July 2017 for sustained efficacy. The PRE epoch served as a control period. During this time, the standard practice in the neonatal unit was to collect blood cultures using an aseptic non-touch technique. This consisted of hand cleansing with soap (Diversey H21, Diversity Ltd., Northampton, UK) applying non-sterile gloves, cleansing of the patient's skin with 0.05% chlorhexidine, and thereafter avoiding touching the patient's skin.
In March 2013, the sterile blood culture collection bundle intervention was introduced. This comprised preparing the patient's skin with 2% chlorhexidine gluconate (ChG) and 70% isopropyl alcohol (ChloraPrep ® , CareFusion, USA) hand cleansing with HiBiScrub ® (Möln-lycke Health Care, Sweden), and full aseptic barrier precautions including the use of a sterile gown, gloves, hat, and field ( Table 1 ) . The sterile collection bundle intervention was introduced after approval was given by the University Hospitals Bristol Foundation Trust Governance Committee. A face-to-face explanation was given to all doctors and advanced neonatal nurse practitioners as to the requirements and reasoning behind this introduction. The clinical team was not aware that the intervention was being assessed to detect effectiveness.
Blood cultures were collected in a paediatric blood culture bottle (BacT/ALERT ® , Biomérieux Inc., Craponne, France). They were incubated for 5 days and were classified as positive if an organism was grown during this time. The recommended volume of blood collected for culture was 1 mL [17] . Data regarding clinical status and results were obtained from medical notes, nursing charts, electronic medical records database, and laboratory results. The data collected included demographics of sex, weight, and gestation; maternal risk factors for infection; clinical indicators of infection; blood culture result and type; and duration of antibiotics. Positive blood cultures were scrutinised and subdivided into true and false positives using a definition developed by Modi et al. [4] . This definition was developed to assist in defining true blood stream infection in the neonatal period. Using this definition, a blood culture is considered to be a true blood stream infection if the bacteria isolated are a pathogenic organism or skin commensal with ≥ 3 clinical signs of infection ( Table 2 ). Conversely, a positive blood culture is considered to be a false positive or contaminant if the organism isolated is skin commensal but there are <3 clinical signs of infection. The clinical data and review of positive cultures was assessed independently by two medical practitioners and subsequently by a third practitioner to ensure there was no discrepancy in the allocation.
Analysis
Rates of false-positive blood cultures were unknown in the unit prior to this study. The rates of false-positive cultures were estimated, based on published literature, at 5%. To demonstrate a reduction in the rate of false-positive blood cultures from 5 to 0.5% with the use of a sterile collection bundle with 80% power and α = 0.05, we aimed to include 160 infants before and after the introduction of the intervention. Rates of false-positive cultures in the two groups were compared using the N-1 χ 2 test to account for small numbers [18] . Subgroup analysis was undertaken for babies <1,500 g and babies <28 weeks' gestation. The number of unnecessary antibiotic days was also assessed and defined as the number of extra days of antibiotics received after a false-positive blood culture, compared to the number which would have been given if the blood culture had demonstrated no growth. All analyses were conducted using SPSS (Brooklyn, NY, USA). A p value of <0.05 was taken as the level of statistical significance.
Results
During the study period (October to November 2012 and March to April 2013), data from a total of 294 babies were included in the analysis. In the PRE group, a total of 197 blood cultures were taken from 161 babies. In the POST group, 170 cultures were taken from 133 babies. The demographics of each group are outlined in Table 3 .
There was a higher rate of false-positive cultures in the PRE group (9/197 [4.6%]) compared to the POST group (1/170 [0.6%], p < 0.05). A subgroup analysis was performed on infants <28 weeks. False-positive blood culture rates decreased from 16% (4/25) in the PRE group to 0% (0/30) in the POST group ( p < 0.05). The <1,500 g subgroup saw a decrease from 9.1% (4/44) in the PRE group to 0% (0/42) in the POST group ( p = 0.05).
Positive cultures were identified in 16/197 (8.1%) in the PRE group and in 9/170 (5.3%) in the POST group ( p = 0.3). Comparing the two groups, the reduction in total number of positive cultures was mainly due to the reduction in growth of CoNS (12/197 For patients with positive cultures in the PRE group, a total of 75 days of antibiotics were given but 27 (36%) of these days were considered unnecessary. In the POST group, there were 81 days of antibiotics given in total, but none given unnecessarily when analysed with the true blood stream infection criteria ( p < 0.01).
In the follow-up comparison (June to July 2017), 167 blood cultures were obtained from 149 babies. During this time period, 7/167 (4.2%) blood cultures were positive. Two out of 167 (1.2%) blood cultures were considered to be false positive ( p = 0.06, compared with the original PRE group). Infants <1,500 g had no false-positive blood cultures. One day of antibiotics was considered unnecessary.
Discussion
This study demonstrates a reduction in false-positive blood cultures between the control and intervention period. From the presented data there appears to be a sustained effect following the intervention. Our study has shown that by using a blood culture collection bundle intervention, false-positive blood cultures may be reduced. As a result, clinical staff can be more confident that a positive blood culture result equates to a true blood stream infection. This may also help reduce unnecessary antibiotic administration.
Our results concur with those found in a similar study in the setting of a paediatric emergency department. Hall et al. [11] introduced a modified sterile collection technique via a peripheral intravenous catheter and found a significant reduction in contamination rates from 3.9 to 1.6%.
As this intervention is a bundle of measures, there is uncertainty as to which individual component had the greatest impact on the rates of contaminated blood cultures. A previous study by Viagappan and Kelsey [19] isolated the same species of bacteria from the culture and the patient's own skin, suggesting that in the majority of cases the bacterial contaminant comes from the patient's skin rather than the clinician. If this is the case in neonates, we could speculate that the 2% chlorhexidine was the item that had the most impact on the contamination rates.
The published definition used to determine false-positive cultures was developed by Modi et al. [4] . Their system was validated for use in infants ≤ 31 weeks' gestation with suspected late-onset neonatal infection. We extrapolated the definition for use in infants of all gestations and potential sepsis type. This scoring system combines identified bacteria and clinical features of infection to determine true infection. This study included babies with potential early-and late-onset infection. There is currently no specific definition for earlyonset infection in newborn infants. The National Institute of Health and Care Excellence (NICE) [20] issued guidelines for using antibiotics for early-onset neonatal infection which There are some limitations to this study. Data collection relied on accurate documentation of clinical status to ascertain which clinical criteria were present. However, a comprehensive review of medical, nursing, and electronic charts provided a robust and holistic view of the clinical status. Although the advised volume of blood for culture was 1 mL, this was not monitored and a smaller volume may potentially result in decreased yield of positive culture results and an increase in false negatives. Both potential confounding factors would be present in both cohorts and therefore not influence the results overall.
The reduction of false-positive blood cultures has potential benefits for both the patient and hospital. These benefits include reduced need further blood tests, equipment for administration of antibiotics, medical and nursing staff time as well as laboratory and drug costs. In addition, the prescription of antibiotics is restricted to those cases that genuinely require them.
Multidrug-resistant organisms are becoming more common and the responsible prescription of antibiotics is important to minimise the spread of antibiotic resistance [21, 22] . Use of antibiotics has been associated with altered gut flora [23, 24] and an increased risk of necrotising enterocolitis in infants [25] [26] [27] . Infants are also at risk of the ototoxic and nephrotoxic side effects of gentamicin [28] and vancomycin [29, 30] . The earlier cessation of antibiotics may promote better antibiotic usage.
Conclusion
Intervention of a sterile collection bundle reduced the number of false-positive blood culture results in the setting of a neonatal intensive care unit. This in turn may reduce unnecessary antibiotic use and its associated implications.
